This study examines gender differences and laterality in maximal handgrip strength and controlled force exertion (CFE) in young adults. The subjects were 75 healthy young males (mean age 19.6 ± 1.6 yrs.) and 50 healthy young females (mean age 20.9 ± 1.9 yrs.). Maximal handgrip strength was measured twice. The subjects performed the CFE test three times after one practice trial. They matched their handgrip strengths to the demand values, which constantly changed and ranged from 5 to 25% of maximal handgrip strength. The difference between the demand value and the grip exertion value was used as an estimate of CFE. Maximal handgrip strength was significantly larger in males than in females in both the dominant and non-dominant hands, and was significantly larger in the dominant hand in both males and females. Insignificant gender differences were found in CFE of both hands. CFE was significantly superior in the dominant hand in both genders. In conclusions, gender differences are present in maximal handgrip strength of the dominant and non-dominant hands in young adults, but not in CFE of both hands. Laterality exists in maximal handgrip strength and in CFE for both genders.
INTRODUCTION
Nerve and muscle functions are closely related to human motor performance. In particular, skillful and efficient movements that demand feedback, such as manual dexterity and hand-eye coordination, are closely involved in the coordination of the voluntary movement system, i.e. controlled force exertion (CFE) [1] . CFE is the ability to properly adjust force exertion values to demand values. Nagasawa et al. developed a CFE test in which the subjects match their grip exertion values to changing demand values on a personal computer display [2, 3] .
Males have greater muscle strength than females [4] . Montoye and Lamphiear examined muscular abilities in males and females, and reported large gender differences in the grip and arm strengths in people aged fourteen years or older [5] . Males performed better than females in dexterity of hands and fingers involving nerve function [6] [7] [8] [9] . York and Biederman reported that tapping test performances in males and females were almost equal [10] , and Kimura et al. found no difference between males and females with respect to the agility of the body, hands and fingers [11] . Nagasawa et al. examined CFE of the dominant hand in middle-aged and elderly people and reported that males scored better than females [12] . Nagasawa et al. examined CFE of males and females aged 15 to 86 by quasi-random target-pursuit system and reported that an insignificant sex difference was found, except in subjects older than 60 years [13] . From these results, it is judged that a sex difference in of muscle strengths was found, but that the tests involving nerve function were not always conclusive.
On the other hand, a functional right and left difference, called "laterality", is found in each body part with bilateral symmetry in humans [14] [15] [16] [17] . Laterality is inherited, and thus appears from infancy [18] . It is particularly evident in movements involving the arm or fingers, such as throwing a ball, using a spoon, or writing. According to Noguchi et al., it is found in the Beans with Tweezers test and the Pegboard test evaluating finger dexterity, and the dominant hand is found to be superior [19] . Ohtsuki et al. determined that the laterality of grading ability becomes more pronounced by the influence of an acquired factor [20] . From these researches, although laterality in the force exertion of the upper limbs is found, laterality of CFE has not yet been suffi-ciently examined.
It is assumed that males have greater muscle strength than females [4] , gender differences are observed in CFE of the dominant hand in middle-aged and elderly people [12] , that CFE of dominant hand does not show sex difference in subjects younger than 60 years old [13] , and laterality exists in the upper limbs [19] . However, CFE of the non-dominant hand has not been examined, and it has not been determined whether gender difference in the dominant hand is equal to that in the non-dominant hand. The properties of muscle strength may differ from those of CFE, because muscle strength is largely affected by muscle function, while CFE is affected by both muscle and nerve functions. However, the question of whether muscle strength differs from CFE with respect to gender and laterality has not yet been sufficiently examined. This study examines CFE of young adults, but these questions need to be examined all age groups.
This study examines gender differences and laterality in maximal handgrip strength and CFE in young adults.
METHODS

Subjects
The subjects were 125 healthy young people consisting of 75 males (age 19.6 ± 1.6 yrs, height 170.7 ± 4.4 cm, weight 64.1 ± 8.2 kg) and 50 females (age 20.9 ± 1.9 yrs, height 160.1 ± 6.5 cm, weight 52.7 ± 7.0 kg). No participant reported previous wrist injuries or nerve damage to upper limbs, and all were in good health. Before the experiment, all participants were judged to be right-handed by a handedness inventory survey [21] . Each subject could observe the computer display without difficulty; hence, it was concluded that individual vision did not affect measurements. No participant had previously experienced a CFE test. Prior to measurement, the purposes and procedures of this study were explained in detail, and written informed consent was obtained from all participants. The protocol of this study was approved by the Kanazawa University Department of Education Ethical Review Board.
Test and Test Procedure
Measurement of Maximal Handgrip
Strength Maximal handgrip strength was measured with a Smedley's handgrip mechanical dynamometer with an accuracy of ±0.2% in the range of 0 to 99.9 kg (Sakai, Tokyo, Japan). The subjects exerted grip strength using the handgrip device while sitting in a chair with their elbow straight and close to the body. The size of the grip was set so that the subject felt comfortable squeezing it.
The maximal grip strengths of the dominant and nondominant hands were measured twice within a one-minute interval, and the greater value was used in this study.
Measurement of CFE
CFE was measured with a Smedley's handgrip mechanical dynamometer and a hand biofeedback system (EG-100; Sakai, Tokyo, Japan). The information from the handgrip device was transmitted at a sampling rate of 20 Hz to a computer through a data output cable after A/D conversion. The subjects performed the CFE test while attempting to minimize the differences between the demand and grip values, as they were being presented on a computer. The display showed both demand values and actual grip values simultaneously. Relative values were used as the demand values, because the grip strength of each individual is different. The demand values changed at a constant frequency of 0.2 Hz from 5 to 25% of the maximal grip strength, did not regard the fatigue of subjects, and were represented by a bar graph. The difference between the demand values and the grip values was used as an estimate of CFE. A smaller difference was interpreted to mean a superior CFE. The subjects performed the CFE test in three trials using the dominant and non-dominant hands with a one-minute interval after one practice trial. The mean values of the second and third trials were used for analysis. The duration of each trial was 40 seconds, and CFE was estimated using the resulting data, excluding the first 15 seconds of each trial, in accordance with the criteria established by Nagasawa et al. [2, 3, 12] . The order of measuring the dominant and non-dominant hands was random for each subject. A sufficient rest period was given to eliminate the effect of muscle fatigue.
Statistical Analysis
The data are reported using ordinary statistical methods, including mean (M) and standard deviation (± standard deviation, SD). A two-way analysis of variance (ANOVA) was used to examine significant differences among trial means (gender and dominant/non-dominant hands). The level of significance was set a priori to 0.05. Table 1 shows the means and standard deviations of maximal handgrip strength according to the dominant and non-dominant hands in males and females, and the test results of two-way ANOVA. Gender and laterality were found to have a significant effect. Males had greater grip strength than females in both hands, and the dominant hand was greater than the non-dominant hand in both genders. Table 2 shows the means and standard deviations of CFE according to the dominant and non-dominant hands in males and females, and the test results of two-way ANOVA. Laterality was found to have a significant effect. An insignificant gender difference was found in CFE in both hands. The dominant hand was superior to the non-dominant hand in both genders.
RESULTS
DISCUSSION
Christine described that females sixteen years of age and older have about two-thirds muscle strength of males in the same age groups [4] . Moreover, these gender differences are closely correlated to differences in physiological maturation found in muscle growth. In this study, the ratio of grip strength of males and females was 67.7% in the dominant hand and 66.4% in the nondominant hand. Thus, the present results agreed with those in the above study. Christine also concluded that gender differences of muscle strength reflect the observed variation between males and females in the physical activities of daily life [4] . In short, it is inferred that handgrip strength is greatly affected also by daily life pattern.
In the present study, the dominant hand displayed maximal handgrip strength greater than that of the non-dominant hand (about 6% in males, about 8% in females). Crosby et al. similarly found that maximal handgrip strength of the dominant hand is about 6% greater than that of the non-dominant hand [22] . These results also confirm that laterality exists in both genders. The dominant hand develops as the individual habitually favors one hand in daily life [23, 24] .
Males are superior to females in the dexterity of hands and fingers involving nerve function [6] [7] [8] [9] . Houx examined gender differences in subjects from 20 to 80 years of age in choice reaction speed, which evaluates nerve function, and reported that males were superior to females [25] . Nagasawa et al. examined CFE of the dominant hand in middle-aged and elderly people, and saw that males were superior to females [26] . There was no gender difference found in the nerve function of the maximal ability, which involves no information feedback. However, submaximal ability, which involves information feedback, revealed gender differences.
One the other hand, Kimura et al. found no differences between males and females in the agility of body, hands and fingers [11] . Haward and Griffin did not find any sexual differences in the pegboard test. Tests which evaluate nerve function differ in their conclusions concerning gender differences [27] . Nagasawa et al. found gender differences in CFE of middle-aged and elderly people, and inferred that dexterity and speed of hands and fingers closely reflects to experiences of the movements in daily life [26] . The unique experiences of individuals create the CFE gender differences. Both young males and females have a more active daily life than the elderly, and there is no variation in their active experiences. Therefore, no difference may be discovered with respect to CFE. In addition, a gender difference was found in maximal handgrip strength, due to sex difference in muscle mass, but not in CFE, which evaluates muscle and nerve function. This may depend on the fact that, in the CFE test, subjects exert a submaximal force but not a maximal one. Maximal handgrip strength is [28] . Noguchi et al. examined maximal handgrip strength and CFE in young males, and concluded that the dominant hand is easily determined by CFE, rather than by maximal handgrip strength [19] . The functions which involve motor tasks develop because of the frequent use of the dominant hand, and the developmental differences between the dominant and nondominant hands become more pronounced over time [18, 29, 30] . The present results also found that the dominant hand was superior in CFE of both genders, which agree with those in previous studies [19, 21] . It is inferred that laterality is found also in the young.
CONCLUSIONS
Gender differences are found in maximal handgrip strength of the dominant and non-dominant hands in the young, but not in CFE, which involves muscle and nerve function. Laterality exists in maximal handgrip strength and CFE of both genders.
